Abstract A series of 256 Aspergillus fumigatus isolates, recovered from eight patients with cystic fibrosis (CF), were genotyped using microsatellite-based typing. Only a limited number of genotypes were shared between patients and co-colonisation with multiple strains was indicated for all patients. Additionally, some genotypes were isolated recurrently, indicating that they are capable of prolonged colonisation.
Aspergillus fumigatus is the most common filamentous fungus isolated from the sputa of cystic fibrosis (CF) patients. Despite the high colonisation rate and the contribution of allergic bronchopulmonary aspergillosis (ABPA) to disease progression in CF, little is known about the epidemiology of A. fumigatus in chronically colonised CF patients [1, 2] . In the present study, a high-resolution genotyping technique (microsatellite-based typing) has been applied to sequential and multiple A. fumigatus isolates recovered from CF patients.
From eight CF patients attending two different university hospitals (centre A in France, centre B in Belgium), at least five respiratory tract secretions were plated on yeast extractpeptone-dextrose (YEPD) agar plates. For each sample, all A. fumigatus isolates (with a maximum of five randomly chosen isolates) were recovered and conserved in the BCCM/IHEM Culture Collection of the Scientific Institute of Public Health (Brussels, Belgium).
For the typing of the A. fumigatus isolates, microsatellitebased typing was used [3] [4] [5] [6] . The fungal genomic DNA was prepared as described previously [7] . Nine short tandem repeat loci were amplified using three multiplex polymerase chain reactions (PCRs), as described previously [3, 4] . Subsequently, a 1:50 dilution of the PCR products combined with the ROX400-HD size standard (Applied Biosystems) was analysed by capillary electrophoresis on an ABI3130xl sequencer (Applied Biosystems). The fragment sizes of the nine markers were calculated with Peakscanner (Applied Biosystems) and, based on the fragment size, a locus type was assigned. Combination of these types resulted in an overall genotype (designated by an arbitrary number) for each isolate. Dendrograms were made with START2 software [8] using the unweighted pair group method with arithmetic averages (UPGMA) algorithm.
A total of 256 A. fumigatus isolates recovered from 89 samples (eight CF patients) were analysed and 161 genotypes were found. Only four genotypes (104, 123, 141, 228) were shared between patients. Genotype 104 was frequently identified in isolates from patient D in 1995 and 1997, while this genotype only occurred in a single isolate from patient B in 2000. Isolates recovered from patient D in 1997 belonged to the same genotype (123) as isolates recovered from patient C in 2000. Two Belgian CF patients (H and F) were colonised with identical strains (genotype 141) in 1997. Finally, genotype 228 was identified from isolates collected in 1998 from patient D and in 2000 from patient C. Our observations, that only a limited number of genotypes was shared between patients in both centres and that a dominant genotype was absent, suggest that the frequency of patient-to-patient transmission in these centres is rather low, although more data would be necessary to prove this hypothesis.
Co-colonisation (i.e. the occurrence of A. fumigatus isolates with several distinct genotypes in the same sample) was rather frequent, as multiple genotypes were identified in 88.3% (53/60) of all samples with multiple isolates. Cocolonisation was found in all patients and is illustrated for patient H in Fig. 1 . In the dendrogram, six clusters can be identified, in which the genotypes of the isolates differed at a single locus. In the first cluster, genotypes 174 and 176 differed at one locus, while genotypes 181 and 191 differed from 174 and 176, also at a single locus. The other clusters all consist of two genotypes, only differing at a single locus (Fig. 1) . Some of the encountered differences between genotypes (for example, the single-locus difference between genotypes 171 and 172) may be due to the microevolution of Aspergillus in the lung of the patient. However, for all patients, most of the genotypes differed at multiple loci, suggesting that several distinct strains were able to colonise the patient.
Some particular genotypes were frequently identified in sequential isolates for almost all of the CF patients. These were defined as "persistent" if they were isolated more than five months apart. For patient A, genotypes 33, 35, 41 and 50 were frequently re-isolated over a 12-month period. Genotype 123 was isolated in three successive samples (from May to October 2000) from patient C and genotypes 103, 104 and 109 were frequently re-isolated from patient D. Two persistent strains with genotypes 112 and 122 were found in patient E, while only one genotype (152) was persistent for patient F. For patients G and H, genotypes 126 and 149 and 165 and 188, respectively, were involved in persistent colonisation. Patient B was the only patient not Fig. 1 Unweighted pair group method with arithmetic averages (UPGMA) tree of the isolates retrieved from patient H. 1-6: clusters found when the cut-off value is set at a one-locus difference harbouring a persistent strain. This suggests that some strains are capable of persistent colonisation, while others only colonise transiently.
In a previous study [7] using typing methods with lower discriminatory power, the colonisation pattern differed between recently colonised and chronically colonised patients, and a dominant genotype (shared between patients) was present in the latter. This finding is in contrast with the results from the present study, in which no strains with the same dominant genotype were found and only a limited number of genotypes were shared between patients.
In the present study, co-colonisation with multiple, distinct A. fumigatus genotypes in the same clinical sample was found in CF patients. Cimon et al. [7] also found some samples with multiple genotypes, but to a smaller extent. Neuvéglise et al. [9] , on the other hand, discovered that, in 79.5% of the samples, all isolates displayed the same genotype. In the study of Verweij et al. [10] , two CF patients were followed, leading to two different conclusions. One patient harboured a dominant A. fumigatus strain, while multiple genotypes were identified for the other patient. The apparent discrepancies between previous results and the data from the present study may be explained by the low number of isolates analysed for a single sample in some studies and the high discriminatory power of microsatellite typing [5, 6] . Eighty-four of the isolates described in the present study were typed previously with random amplified polymorphic DNA (RAPD) and sequence-specific DNA primer (SSDP) analysis [7] . The combination of both techniques led to the identification of 35 overall genotypes, while in the present study, 49 genotypes were identified among these isolates using microsatellite typing (data not shown), illustrating the high discriminatory power of this technique.
The presence of genotypes re-occurring in patients was found in two out of six patients in the study from Neuvéglise et al. [9] and in one of the two patients studied by Verweij et al. [10] . In the present study, all patients but one were colonised by at least one persistent strain (isolated at least five months apart). However, the relevance of this persistence is still unknown. Further investigation is required to determine whether these strains have a particular characteristic enabling them to persist, whether sampling fails to reveal the persistence of some strains and/ or whether host factors are involved.
